Today, the ultrasound guidance (USG) in regional anesthesia is gold standard more and more often used for medial or paramedian approaches around to the spine, such as the paravertebral (PV) block. Local anatomical changes may greatly handicap the performance of this type of block. We present clinical, sonographic, and radiological data on successful PV block and catheter placement in four patients with vertebral diseases, targeting thoracotomy or lumbotomy postoperative pain after stabilization of the involved vertebral body and preliminary arthrodesis with laminectomy by the posterior approach. We emphasize the importance of USG in this special context involving local anatomical disturbance.
Introduction
Whatever the etiology (trauma, tumor, infections), spine arthrodesis surgery includes complex and combined procedures on the anterior and posterior vertebral structures for long-term stabilization. To achieve this goal, when the vertebral body must be consolidated or replaced, the surgeon may use anterior, antero-lateral, or postero-lateral approaches by thoracotomy or lumbotomy after a preliminary posterior fixation. Although the postoperative pain of posterior fixation may be relatively easily controlled using standard general analgesia (opiates, nonsteroidal anti-inflammatory agents, paracetamol, or acetaminophen), pain control after a thoracotomy or a lumbotomy requires more systematically polymodal analgesia, including a regional anesthesia technique (paravertebral (PV) vs epidural block) to allow more comfortable and efficient respiratory physiotherapy for better recovery of pulmonary function and to decrease the incidence of possible lung complications [1] [2] [3] . The safe and efficient performance of these techniques is based on identification of local anatomical landmarks like the transverse processes [4, 5] . Nevertheless, a laminectomy or the insertion of pedicle screws can interfere with these landmarks and may even contraindicate regional anesthesia. Ultrasound guidance (USG) has already been successfully investigated in normal local anatomy [6, 10] and could be an answer to this problem, giving the opportunity to identify the appropriate entry point with accuracy in the context of reconfigured local anatomy. We have sought to demonstrate the benefits of USG in the four cases presented here of PV blocks with catheter insertion, providing at the same time detailed technical descriptions and illustrative ultrasound (US) pictures, correlating them with the individual results of the postoperative assessment of the efficacy of the corresponding PV blocks.
Case Series
Two days to one week before the USG procedure, all patients were operated by the posterior approach for intervertebral stabilization with laminectomy and posterior arthrodesis using vertebral pedicle screws. Table 1 summarizes the general patient information and medical history. At that time, no problems with postoperative pain-control occurred (the 0 to 100 mm visual analogue scale scores were always less than 50 mm during a standardized and systematic follow-up at postoperative day 3. For the second surgical period, a need for optimal postoperative pain control after either the thoracotomy or lumbotomy (on the right side) led us to plan to perform a regional block with a catheter placement for continuous infusion of local anesthetic agent, complementary to general i.v. analgesia [3] . After discussion with the surgeon, we decided to perform the block only after the surgery to avoid the risk that a catheter could rise into the surgical field after a possible enlargement of the surgical incision, which is often required in such procedures. After collegial discussion, the theoretical positive ratio "analgesic advantage" against "infection risk" led the surgeon to accept the insertion of a catheter just below the surgical area. Consequently, because PV performance has been reported to be less risky in the anesthetized patient [11] , we performed the PV block just after the surgery ended, when each patient had recovered efficient spontaneous breathing (e.g., respiratory rate >8 min
, pulse oximetry >95% for FiO 2 50%, and end-tidal CO 2 <45 mmHg without spontaneous pressure-assisted ventilation). The catheter in the lateral decubitus position before the patient emerged from general anesthesia (Figure 1) . Table 1 also provides information about each patient's perioperative period. General anesthesia was always maintained with desflurane (Suprane ™ , Baxter Belgium ™ , Brussels, Belgium). No perioperative incident and no postoperative complications were noted.
First, a radiograph (Exposcope 8000 ™ Ziehm Imaging ™ GmbH, Nuremberg, Germany) was taken to identify the cutaneous projection of the insertion point of the needle into the right PV area of each patient, at the level just below the lower end of the laminectomy (Figure 1 ).
After that, a 180 Plus ™ US machine (Sonosite ™ , Bothell, WA, USA) with a 10 -5 MHz 38 mm broadband linear array transducer (depth between 5 to 7 cm) set in "General" imaging mode was used for the preliminary US pinpointing followed by the needle insertion and the catheter placement. Table 2 details the features of each block.
Only about the scan, similarly to Ben-Ari et al. [7] , we performed a careful short-axis and long-axis scanning, but with the slight modification that we began medially to the thoracic, thoraco-lumbar, or lumbar PV areas of each patient and only on the right side in our cases. In the context of important local anatomical modifications induced by the surgery, it seemed to us easier to identify medial normal structures (mainly spine midline with the spinous processes) and based on that, to move the transducer 4 to 5 cm laterally to pinpoint the respective PV areas, vertebral and intervertebral level by level. Consequently, in each patient, we started with the short-axis scanning from two levels below to two levels above the pathological vertebra. This approach allowed us to study as accurately as possible the median and the paramedian (PV) anatomy below, above, and at the laminectomy level to determine the possible reconfiguring of the structures (mainly the PV area) due to the surgery. Then the probe was rotated to scan the same area longitudinally (long axis) to confirm the initial findings, particularly about the site of the laminectomy. Between two adjacent spinous processes, by toggling (tilting) the probe in every axis, the PV muscles (Figure 2 ) could be identified beside the vertebral structures not only in real time but also for the retrospective analysis of the sonograms.
Following this method, the PV area was always located in each patient without major difficulty ( Table 2) , particularly at the needle-insertion point preliminarily defined using X-ray (Figure 1) , just at the end of the surgery, before to withdraw the mobile C-arm system. The depth of location of the respective thoracic or lumbar nerve was carefully noted (Figure 2) . In short-axis view, a 17-G Tuohy needle (Epi Mini Set 17G ™ Polymedic by Tenema ™ , Carrière-sur-Seine, France) was inserted outof-plane immediately down and medial to the probe. The Tuohy needle was advanced point by point, in increments through the erector spinae (ES) muscle, aiming at the PV after having felt the click of the tip of the needle through the superior costotransverse ligament anterior to the muscle (Figure 2) . After each advance, 0.2 ml of normal saline was injected if necessary to make easier the tip of the needle location, until the PV was easily dilated (1 to 2 ml) on the sonogram.
Once the space was identified, the needle was disconnected from the normal saline syringe, and after a negative blood and air aspiration test, the local anesthetic mixture ( Table 2 ) with 2 ml of iodixanol 320 mg·ml −1 (Visipaque ™ , Amersham Health ™ , Diegem, Belgium) was injected. Then, a radiograph was taken for controlling the injection, followed by insertion of a 19-G polyethylene catheter 2 -3 cm beyond the tip of the needle. In the recovery room, approximately 30 minutes after the block procedure, using a pinprick test with a 25-G needle, we determined the number of dermatomes that were completely anesthetized ( Table 2 ). The PV catheter was then connected to a pump (Gemstar ™ , Hospira ™ , Lake Forest; IL, USA) to infuse 2 mg·ml −1 ropivacaine ( Table  2 ). As indicated in Table 2 , each patient additionally systematically received paracetamol 15 mg·kg·6 h 
Discussion
Until now, the published data [6] [7] [8] [9] [10] [11] [12] on USG catheterization has involved only patients with normal anatomy. Among the interesting recently published data [6] [7] [8] 11, 12] are two methods to approach the PV area. While the classical approach [6, 8, 12] transposes the usual technique [4, 5] relative to the USG approach, in the 3 to 4 cm lateral to the spine midline, the alternative corresponds to a retrograde intercostal approach that is more lateral (8 cm) . Under the specific conditions described here (with a deep local redrafting after the preliminary laminectomy, Figures 2 and 3) , the main concern was to determine with accuracy the persistence or not of the PV area in order to succeed in the catheterization technique for efficient postoperative pain control after the thoracotomy or the lumbotomy. For this reason, we selected a direct imaging with a direct approach (really paramedian) rather than the more lateral intercostal retrograde method.
For clarity, we have chosen to present the data for one patient (Patient 1) along with the successive steps (Figures 1-4) , as a sort of acceptable example, rather than selecting the most perfect views at each step, because of the distinct anatomies among the patients (e.g., different thoracic or lumbar levels, different etiologies). Nevertheless, the quality of the individual data remains comparable and relatively good despite the local modifications and the limited capabilities of our workstation at that time.
Ultimately, the analysis of the individual imaging data, focusing on the control radiograph taken just after the injection through the catheter of the local anesthetic mixture with the contrast dye (Figure 4) , reveals a linear and strictly ipsilateral infiltration of the PV area similar to previous radiographic studies [13, 14] and in agreement with the clinical analgesic effects ( Table 2 ). In this context, we used the fluoroscopy in this series only to make more concrete the final result of the injection as a sort of validation of the imaging of the series. In our current practice we do not use it.
Even when it is uneventful, laminectomy leads to the complete loss of the anatomical structures, which are The operated pathological vertebra (as a black rectangle), first for laminectomy (posterior approach) and second for corporectomy with prosthetic replacement by an antero-lateral approach using a postero-lateral thoracotomy. The initial cutaneous area of anesthesia assessed by cold and pinprick tests just after the anesthesia at the arrival of the patient in the post-anesthesia care unit, before starting the continuous infusion.
replaced by an inhomogeneous tissue without any structures. Despite an extensive edematous process, the US examination nevertheless remains quite normal even just below the surgical site (Figures 2 and 3) . Consequently, it was possible to perform a PV block relatively easily after a careful regional US analysis, illustrating the real strength of the USG approach. We also note some relevant similarities with previous data. First, we could infiltrate the PV area easily, but similar to the description of Luyet et al. [8] , the catheter placement was difficult in only one patient (Patient 2), in which we needed to readjust the Tuohy needle. Otherwise, the respective depths of location were comparable to those already reported [8, 9] , which is especially relevant for the series of Pusch et al. [9] , whose patients were all female as in our series, while Riain et al. [6] reported having taken the same amount of time to perform PV blocks (between 8 and 10 minutes). The main difference is the duration of the preliminary localization needed under our specific conditions because of the deep local changes resulting from the laminectomy.
Thus, this series validates the interest in USG, showing that its relevance in successful performance of difficult blocks like these is indisputable. Moreover, in accordance with the existing data [6] [7] [8] 11, 12] , and taking into account the specific local conditions of our patients, the USG has proved useful and necessary in the short term. The results in our four patients should add to the data suggesting a generalization of the US technique for this sort of regional anesthesia, making a practice that has been too often contra-indicated without USG possible and safe with relative certainty.
Implications
Paravertebral analgesia using a catheter, similar to the epidural technique, is a technique for postoperative pain control after thoraco-abdominal surgeries, including thoracotomy and the lumbotomy. For this procedure, anatomical parietal landmarks are of major importance because, for instance, of the proximity of the pleura and vessels. When the local structures are altered (e.g., by laminectomy), paravertebral block can be easier and safer to do using ultrasound guidance to make up for absent landmarks.
